The objective of this study was to analyze the individual and synergistic effects of three enzyme preparations (transglutaminase, lipase and xylanase) on the viscoelastic properties of wheat dough made from flour of substandard quality. A response surface methodology using Box-Behnken experimental design was used to evaluate the effects on the dynamic and creep-recovery parameters of dough. The results confirmed that the strengthening effect were observed by transglutaminase and lipase addition. The storage modulus increased with transglutaminase and lipase addition applied in doses of 15 mg/kg to 30 mg/kg, whilst xylanase (applied in doses of 25-50 mg/kg) had no significant effect on dough storage modulus (G'). Significant interaction effects of transglutaminase and xylanase (P 0.1) increased the values of zero shear viscosity ( 0 ). The optimal levels of the tested enzymes were determined by the desirability function approach. It was found that the combined effect of 30.0 mg/kg of transglutaminase, 28.1 mg/kg of lipase and 38.6 mg/kg of xylanase achieved a positive synergistic effect on wheat dough viscoelasticity made from flour of substandard quality.
INTRODUCTION
In last decade, a variation of technological quality of mercantile wheat has been observed. This phenomenon is present not only in Serbia, but also in the neighbouring countries, across the whole Pannonian Plain. Wheat breeders are constantly creating new wheat varieties resistant to abiotic stress. However, the utilization of their potential is restricred due to inadequate application of agrotechniques. All the aforementioned facts affects the processing industry having to deal with great quantities of wheat flour of substandard quality.
The processing industry is assig-ned the task to elevate the quality of wheat flour to the level optimal for processing (Mikhaylenko et al., 2000; Malešević et al., 2011; Balla et al., 2011) . In this context, the treatment of flours with functional additives must be considered. Nowadays, the baking industry is deeply involved in research for alternatives to chemical compounds because of their potential hazards (Fisher et al., 1979 ; Dupuis, 1997) . The use of enzymes is the best alternative to chemical compounds because they are generally recognized as safe and do not remain active after baking. The enzymes act by different mechanisms and can induce changes in the forms of polymerized subunits of glutenin and become soluble proteins by improving their functional properties. One of the enzymes that can confer strength to dough is transglutaminase.
Transglutaminase (protein-glutamine -glutamyltransferase) (TG) catalyses the reaction of transfer of acyl group betweencarboxamide group from protein bound glutamine residue (acyl donors) and different primary amines (acyl acceptors). As a result of this reaction, there occurs interor intra-molecular cross-linking in covalent bonds in a protein or peptide (Gerrard et al., 1998; Larré er al., 2000) . In the case of gluten, this enzyme induced the formation of high molecular weight polymers and the formation of these polymers results in strengthening of gluten network (Larré et al., 2000) . The investigations showed that TG can improve dough elasticity and it may also produce beneficial effects during breadmaking that are similar to oxidising improvers (Gerrard et al., 1998) .
Lipase (1(3)-positional specificity) (LP) is an enzyme which hydrolyses ester bonds of fatty acids primarily in the 1-and 3-position in triglycerides. Products of hydrolysis are: diacylglycerol (DAG), monoacylglycerols (MAG), glycerol and free fatty acids. The incurred hydrolysis products have properties of surfactants and encourage positive change in the interaction between the lipids and gluten (PrimoMartin et al., 2006). Lipases show good dough conditioning effects in terms of improved dough rheological properties, dough stability in case of over fermentation, increas oven spring and improve crumb structure in dough systems (Si, 1997) .
Xylanase (endo-β-1.4-xylanases) (Xyl) is an enzyme which degrades linear polysaccharide beta-1.4-xylan into xylose. When xylanases are used at optimum levels, they play a significant role in improving dough and bread properties (Butt et al., 2008) . Colakoglu and Özkaya, 2012) . The innovative character of the paper lies in the fact that so far there has been no research of the combined effects of these enzymes in flour of substandard quality. Response surface methodology (RSM) is a statistical technique that has been successfully applied in the development and optimization of cereal products (Ylimaki et al., 1988; Gallagher et al., 2003; Šimurina et al., 2012) . The objective of the presented study was to evaluate the combined effects of transglutaminase, lipase and xylanase addition on the dough viscoelastic properties, using small deformation mechanical testing and explore the possibility of improving behavior during handling the dough of substandard flour.
MATERIALS AND METHODS
Commercial soft wheat flour was used in this study. This flour was obtained from local soft wheat and has the following characteristics: protein content of 10. , lipase (VERON Hyperbake-T) and transglutaminase (VERON TG), produced by company "AB Enzymes" (Germany). The enzymes were applied to wheat dough in order to optimize its rheological parameters: storage modulus (G'), loss modulus (G"), zero shear viscosity ( 0 ), maximum creep com-pliance (J max ), and elastic part of the maximum creep compliance (J e /J max ). The combinations of enzymes were used following an experimental design for sampling and added at three addition levels coded as -1 (without enzyme), 0 (the minimal dose of the enzymes according to the manufacturer's specification) and 1 (the maximum dose of the enzymes according to the manufacturer's specification) ( Table 1) .
Dough preparation for rheological testing
All the dough samples were mixed in a Farinograph bowl (Brabender, Germany) until the consistency of 500 BU was reached and continued for 8 minutes. Prepared doughs were placed in a plastic bag and immediately sealed and allowed to rest for 30 min at ambient temperature before rheological testing. Oscillatory and creep-recovery tests were performed using a HAAKE MARS rheometer (Thermo Scientific, Karlsruhe, Germany). The rheometer was equipped with a 35-mm parallel plate measuring geometry. The plates were serrated in order to prevent the dough slippage. A dough sample was placed on the lower plate, and the upper plate was lowered until the gap of 1.0 mm was reached. The excess dough was trimmed and the edges were sealed with a paraffin oil to prevent the dough from drying during measurements. All the experiments were performed at 30 °C.
The experiment firstly involved frequency sweep test in the frequency range from 1 to 10 Hz, since this measurement caused no changes in the dough structure when carried out at the chosen strain amplitude (0.01%), and subsequently of a creep-recovery test. Preliminary strain sweep tests were used to determine the linear viscoelastic region of the doughs and from these measurements a strain level of 0.01%, within the linear region, was adopted in all experiments. The storage modulus and loss modulus were continuously monitored during dynamic rheological testing in the frequency range from 1 to 10 Hz and their value at 1 Hz was used as the response variable in the model.
Creep and recovery were measured at a shear stress of 50 Pa for 300 s, followed by a recovery phase of 900 s at a stress of 0 Pa.
Experimental design
Three factorial Box-Behnken experimental design was used to examine the effects of enzymes (TG, LP, Xyl) on storage modulus (G'), loss modulus (G"), maximum creep compliance (Jmax), zero shear viscosity ( 0 ) and elastic part of the maximum creep compliance (Je/Jmax). The factor levels were determined on the basis of minimal and maximal doses prescribed by enzymes manufacturer and coded as -1 (without enzyme), 0 (minimal dose) and 1 (maximal dose). The plan of experimental design is given in Table 1 .
The relationships between the measured variables and the three independent factors (TG, LP and Xyl) were estimated by fitting the data to a second-order polynomial (Eq. (1)), where Y is the modeled response variable (e.g. storage modulus (G'), loss modulus (G"), maximum creep compliance (J max ), zero shear viscosity ( 0 ), and elastic part of the maximum creep compliance (Je/J max )), b 0 is the intercept, b 1 and b 2 represent linear effects, b 11 and b 22 represent quadratic effects and b 12 represents interaction effects.
Coefficients of determination (R 2 ) were computed, and the adequacy of models was tested by estimating the lack of fit. A stepwise deletion of non-significant terms was applied. The statistically non-significant linear terms were included in the model when their respective quadratic or interactive terms were statistically significant.
Calculation of optimal enzyme concentrations for increasing quality of wheat dough was performed using a multiple response method called desirability function.
The data were analysed using the Design Expert 8.0 software (Stat-Ease, Inc., Minneapolis, MN, USA). 
RESULTS AND DISCUSSION
The results of the experimental design, showing the effects of enzyme levels, are displayed in Table 1 . The highest value of elastic part of the maximum creep complience (J e /J max ) was achieved in the experiment number 6 due to synergistic effects of the TG and LP. Synergistic action on cross-linking enzymes and hydrolytic enzymes achieved a positive effect on viscoelastic performance of wheat dough from substandard flour.
The consequence of synergistic effects of TG (30 mg/kg) and LP (15 mg/kg) was the decrease of the maximum creep compliance (J max ) to minimal value ( Figure 1 ). These results were probably due to the strengthening action exerted by TG due to its crosslinking effect on different flour protein fractions (Autio et al., 2005) .
On the other hand, activity of lipase induced positive effect by hydrolyzing nonpola r lipids (triacilglicerol) into more polar ) and insignificant lack of fit (P 0.05) point to an adequate fitting of the experimental results to the proposed method. 
Effect of enzymes on dynamic rheological properties of dough
TG and LP have positive significant (P 0.1) linear effect on the storage modulus. Their interactive effect (TG*LP) is even higher and more significant (P 0.05), and influenced the increase of the storage modulus (G') which indicates dough elasticity. These results are achieved as a consequence of the effects of TG to networking of protein chains and strengthening of protein dough structure 
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TGmax LPmin (Lorenzen, 2007 (Jong et al., 2002) . In all the three enzymes, with quadratic increase of the initial concentration, there were a positive statistically significant effect to loss modulus (G") of dough made of substandard wheat flour. That contributes to plastic properties of dough and its greater capacity of adaptation to different stresses which are formed during the process.
The initial concentration of lipase caused a more significant decrease of G" values than quadratic concentration, which pointed to the fact that lipase at the initial concentration created more products of hydrolysis (diacylglycerol, monoacylglycerols, glycerol and free fatty acids) capable to form bonds with gluten contributing to strengthening of wheat dough and to the decrease of dough plasticity.
The increase of lipase concentration above its optimal level, a more expressed hydrolytic effect occured which caused the increase of dough viscosity, i.e. G" values. Increased concentrations of xylanase caused a significant increase in G" (P 0.1). This effect occured due to the hydrolytic activity of xylanase hydrolyzing glycosidic bonds within the xylan, which resulted in a decrease of the degree of polymerisation (Sunna and Antranikian, 1997). The decrease in the degree of polymerisation led to changes in the rheology of dough such as dough development time, consistency, extensibility and resistance to breakage (Sorensen, 2003) . Such alteration of consistency in fact represents the increased value of G".
Effect of enzymes on creep and recovery properties of wheat dough
The changes in the viscoelastic properties of wheat dough made from wheat flour of substandard quality caused by the addition of transglutaminase, lipase and xylanase were also analyzed by creep-recovery tests. Values of selected parameters maximum creep compliance (J max ), elastic part of the maximum creep compliance (J e /J max ) and zero shear viscosity ( 0 ) are shown in Table 1 . The effects of enzymes on the aforementioned parameters are shown through regression coefficients as well ( Table 2 ).
The creep-recovery results are described in terms of creep compliance J(t) and fitted to a Burgers model for the creep phase (Eq. (2)) and the recovery phase (Eq. (3)) as follows: (2) (3) where t is the time, J max is the maximum creep compliance, J 0 the instantaneous compliance, J m the maximum viscoelastic compliance, 0 is the zero shear viscosity and is the mean retardation time. In addition, the remaining deformation after creep stress removal represents the viscous component of the maximum compliance (J v ), whereas the recovered deformation (J e ) represents the elastic component. Burgers model is applied in linear viscoelastic region, which means that the non-Newtonian viscosity is not dependent on the time of testing (Ferry, 1980 ). This condition is met when the time of measurement is short as in the presented experiment. The application of lipase significantly decreased maximum creep compliance (J max ) values (P 0.1), and the effect of TG in the direction of J max values decrease was even more expressed (P 0.01) (Figure 2 ). Both enzymes affected the strengthening of dough structure, TG forming inter-and intrapeptide bonds and LP forming bonds of monoglyceride and free fatty acids with gluten.
Generally, LP and especially TG created more elastic properties providing to dough more resistance to maximum deformation due to the action of stress, which can be concluded on the basis of J max values. The addition of TG resulted in the increase of the elastic part of the J max measured under stress of 50 Pa. The increase of zero shear viscosity ( 0 ) values within the in-vestigated concentrations was influenced by TG and LP. Lipase had a positive significant linear effect (P 0.1), whereas TG a positive significant square effect to the increase of 0 values (P 0.05). Even at its initial concentrations, lipase showed a hydrolytic effect to lipids, and the resulting products of hydrolyse (mono-and diacylforms, released fatty acids) influenced the increase of dough viscosity by forming hydrophobic bonds with the gluten proteins (Gerits e al., 2014) . With the increase of TG concentration, an increase in dough viscosity was observed, as a consequence of increasing the degree of gluten polymerisation.
Hydrolytic enzyme Xyl in combination with protein cross-linking enzyme TG expressed synergistic effect to the increase of zero shear viscosity values of wheat dough. This effect can be explained by acting of TG on the improved functionality of the flour proteins through the formation of large polypeptides by forming disulphide covalent crosslinks that leads indirectly to a conversion of soluble proteins to insoluble proteins high molecular weight (Larre et al., 2000) resulting in a decreased solubility. On the other hand, endo-β-1.4-xylanases can alter arabinoxylan (AX) physicochemical properties. They degrade water-extractable AX to lower molecular weight, thereby lowering viscosity inducing properties and partially impairing gelling capacity. They further render water-unextractable AX soluble, resulting in an increase in the viscosity of the medium (e.g. dough) by the solubilised arabino-xylan. The lower viscosity results in better dough machinability (Courtin, 2001 ). 
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Optimization of concentration of enzymes by desirability function approach
The intensity and direction of individual and interactive effects of the TG, LP and Xyl in the investigated range depended on the applied dosage, and primarily on the type of enzymes. By determination of optimal doses for all the three enzymes in the optimized mixture it is possible to reach maximal results in the direction of improving characteristics of dough made from wheat flour of substandard quality. Desirability function approach was used to define the optimal doses of selected enzymes resulting the adequate responses regarding the quality of dough made from wheat flour of substandard quality. The proposition of the criteria necessary for the determination of optimal experimental conditions was based upon preliminary experiments and the literature data and is shown in Table 3 .
The solution of the proposed criteria in the optimization of the TG, LP and Xyl doses is also shown in , 66.0 % and 80.6x10 4 Pas, indicating that the models were adequate to predict these responses.
CONCLUSION
In this study, the influence of concentration of transglutaminase, lipase and xylanase on the reological properties of substandard quality wheat dough were analyzed by the application of response surface methodology. Transglutaminase expressed a stronger effect on the strength of wheat dough. Increasing TG levels significantly increased storage modulus (G'), elastic part of the maximum creep compliance (J e /J max ) and zero shear viscosity ( 0 ) of wheat dough from substandard flour, and decreased maximum creep compliance of dough (J max ). Individual effects of transglutaminase, lipase and xylanase by their intensity and direction was dependent on the applied concentration. The interaction between TG and LP contributed to improved handling properties of dough (increased storage modulus and decreased loss modulus, but not in the domain of statistical significance). When incorporated into the formulation, the optimized levels of 30 mg/kg TG, 28.1 mg/kg LP and 38.6 mg/kg Xyl yielded improved quality wheat dough made from substandard quality wheat flour.
